Abstract: Focusing on the Bill and Melinda Gates Foundation (BMGF) as a case study, this paper explores the relationship between philanthrocapitalism, economic history, and global and planetary health. The Wellcome Trust is also briefly discussed, chiefly in the context of planetary health. The paper argues that in the last 45 years there has been an increased preference for market-based approaches, often called neoliberalism, particularly in the U.S. and its allies. This has generated greater inequality in many high-income settings and weakened the norm of taxation. This has provided a setting in which philanthrocapitalism has flourished, including the BMGF. The latter has in turn become an important actor for global health, partially balancing the adverse consequences of neoliberalism. Planetary health is here defined as the interaction between global health and global environmental change, including to the climate and other elements of the Earth System. Although the Wellcome Trust has recently made funds available for ecological health research, it continues to invest in fossil fuels. The Gates Foundation provide no or minimal grants for ecological or planetary health but appear to have recently substantially divested from fossil fuels, for unclear reasons. The paper concludes that these large philanthrocapitalist organizations partly compensate for the decline in attention to global health driven by market-preferring solutions, but remain insufficiently proactive in the face of the great dangers associated with declining planetary health.
Introduction
This introduction defines and discusses the three key terms most relevant to this article; philanthrocapitalism, global health, and planetary health. Part two reviews economic history, seeking to position the arising of philanthrocapitalism in the wider context of national and global inequality. The third section describes several characteristics of the Bill and Melinda Gates Foundation (BMGF) relevant to global and planetary health. These include its alleged authoritarianism, its preference for technological rather than social interventions, its support for vertical (disease-focused) approaches rather than the strengthening of national, "horizontal" health systems and its fondness for metrics. Part four focuses on climate change, carbon divestment, and the role and responsibility of leadership for planetary health that philanthrocapitalists should demonstrate. The conclusion argues that the BGMF and other philanthrocapitalists have brought the trajectory for global health closer to the vision that seemed possible to international health activists in the 1970s but which faded in following decades. However, philanthrocapitalism is in general insufficiently aware of the great dangers associated with declining planetary health.
Box 1.
Text about neoliberalism in "From public to planetary health: a manifesto" [7] .
The idea of unconstrained progress is a dangerous human illusion: success brings new and potentially even more dangerous threats. Our tolerance of neoliberalism and transnational forces dedicated to ends far removed from the needs of the vast majority of people, and especially the most deprived and vulnerable, is only deepening the crisis we face [7] .
Some critics have argued that this encouraging acknowledgement of inequality and global social injustice remains largely stillborn (see Table 2 ) [2, 6] . A recent paper, written by the inaugural director of the Planetary Health Alliance describes the rift between those who have largely caused the environmental crisis and those most vulnerable to it as deeply unfair, and calls its solution "a moral imperative" [10] . However, the article is vague on practical ways to escape our planetary crisis and does not otherwise analyze or criticize the global economic system. Table 2 . Prominent themes of ecohealth, international health, global health, One Health, planetary health (two flavors) and public health. Key * most common definition; # less common definition;ˆnot just total size but growth rate as a determinant of health outcomes; PHA = Planetary Health Alliance; iV = inVIVO; dark green = strong, light green = moderate; orange = weak. There is an alternative planetary health movement, associated with the Canmore Declaration [3] , the inVivo Planetary Health Network and this journal. It is premature to characterize this movement, but a candidate distinction may be greater optimism [6, 11] . However, at least one recent paper in this tradition recognizes that the point of successful transition, if there is to be one, between the past (a time of little appreciation of limits) and the future (where limits are apparent) will be a period of maximal conflict and tension [11] . This explicit recognition of limits and the risk of conflict is, as yet, rare in either of the contemporary planetary health fields [4] .
Health
Both versions of planetary health have a strong eco-climatic focus, as do the disciplines ecohealth [4] and some forms of One Health [12] . There is agreement that global health shares with public health and international health a priority on population-based and preventive foci, and a concentration on poorer, vulnerable, and underserved populations. Table 2 compares and contrasts some of the key similarities and differences between global health, planetary health, and some of their companion disciplines that have evolved in the long struggle to improve world health. This table is based on my involvement with these issues for over three decades (see Appendix A).
The Peril of Failing Planetary Health
As difficult as global health problems are, they are potentially dwarfed by the suite of issues embraced by the term planetary health. Ecosystem change, climate change, and the social interactions, including conflict and migration, from the human encounter with limits to growth present formidable problems to sustainable population health [4, 11] . Realization of these challenges is inhibited, including by "scientific reticence" [13] . A disconnect exists between the level of risk and the declining appreciation of it by most funders, researchers, reviewers and policy-makers who remain insufficiently aware of the severity and intractability of the risks posed [8] . A supplementary appendix to the first main paper on planetary health argues "wealth can insulate powerful elites from the perceived risk of future threats, but if civilizational collapse is imminent, the wealth of a few can mask the gravity of threats to all and weaken incentives to act until it is too late" [14] . This warning is not hyperbole.
Inequality, Revolts and Epidemics: The Seedbed for Health Philanthrocapitalism
This section seeks to position the evolution of philanthrocapitalism in the context of economic history, evolution, and complexity theory. Humans, like other primates and many other social animals, are a hierarchical species, but the scale of tolerable inequality is not infinite. Excessive inequality, where visible, leads to resentment, and, at times organized revolt [15] . To reduce this risk, elites both disguise their wealth and, at times, redistribute part of it. In the Roman Empire, elites, sometimes incredibly wealthy, had informal obligations to reduce hardship of the masses, if they were affected by crisis [16] . Similar obligations also existed for Indian rulers.
Saving the British Class System
In the early 19th century, there was anxiety among the British ruling class that revolution would cross the English Channel, following the 1789 French Revolution. Unrest and dissent in Britain did occur, yet extreme, state-supported domestic violence to quell protest gradually abated, while the 1832 Repeal Act ceded some power to workers, although the reform of the British Poor Law in 1834 halved national spending on welfare [17] .
The easing of suppression was combined with growing economic opportunities to a rising proportion of the British population, soothing unrest in Britain, apart from in Ireland. Opportunities afforded by the industrial revolution and by the enormous, still expanding empire, itself founded on coercion and violent state power [18, 19] , contributed to wealth that led to the emergence of a large British middle class, widespread literacy, sewage systems in the major towns and even to garden cities [20] . After an initial dip in the 1830s and 1840s, probably worsened by the temporary cessation of organized smallpox vaccinations in Glasgow and perhaps elsewhere [17] , British life expectancy improved through the 19th century [20] . This was not only due to economic "take-off" [21] based on ingenuity as well as distant pillage, but also to organized public health [22] and reformers such as Charles Dickens, whose work was eagerly consumed by the increasingly literate masses. These social factors interacted and reinforced each other, creating a snowball effect, leading to a social "phase change".
Physical resources were vital to this progress, but so too were education, idealism, religious fervor, science, protest, redistribution, and reformers wary of the "old corruption"-the ruling class [23] . The "self-organization" of these and other factors remains relevant to contemporary global and planetary health.
Saving American Capitalism
In response to the Great Depression, itself a consequence of runaway capitalism, Franklin Roosevelt, the patrician U.S. president, introduced the New Deal, and then the second New Deal. This, with other policies, including incorporation by the government of many other Leftist ideas, weakened support for the American Communist Party and, some say, saved American capitalism [24, 25] . From about 1933 until about 1970, and especially in the 1940s, wages of workers rose in the U.S., while incomes of the rich fell as taxes were increased [26] . Greater equality, favored by the policies of prominent economists such as J.M. Keynes and J.K. Galbraith snr, triumphed in the decades immediately after World War II. Reduced domestic inequality, in both Britain and the US, was also important to sustain morale during the war. The period of relative egalitarianism in the U.S. has been called the Great Compression [26] .
Thus, in both Britain and the U.S., in the 19th and 20th centuries, respectively, it can be argued that inequality was lowered, at least temporarily, in order to avoid and to prevent an utter loss of elite privilege, such as occurred in France and Russia. In some cases, aristocrats may also have sincerely helped to support the cause of the common people ("noblesse oblige"-nobility obligates), motivated either by compassion, a sensing of these risks, or perhaps more likely, a combination of the two [27] . Philanthrocapitalists also emerged in this category; people such as Peter Cooper, Andrew Carnegie, John D. Rockefeller, Henry Wellcome, and, more recently, Bill Gates, George Soros, Warren Buffet and others (see Table 1 ) [28, 29] . The fortunes of these entrepreneurs who became philanthrocapitalists accumulated due to the expansion in overall wealth that resulted from science, discovery and the conversion of nature (such as oil, land, minerals, and forests) to manufactured and agricultural goods. But these fortunes also accumulated, at least in Western countries, because of neoliberalism, the reversal of the Great Compression and the introduction of new norms which spurned taxation, good government, and public goods [9] . Few if any philanthrocapitalists accumulated their fortune during the Great Compression, a period of comparative self-restraint, as well as comparatively high taxation. (The bequest of Sir Henry Wellcome, who died in 1936, created what, until recently, was the world's largest health foundation). Note, also, that few if any philanthrocapitalists inherited their fortunes; they are not nobility or "old" money. Furthermore, many millionaires (more recently billionaires) don't even pretend to be generous to the poor, although some take advantage of tax incentives to support the arts, museums, or the environment, without claiming to promote any aspect of social justice. But some others work to undermine both democracy and environmental protection [30] .
Saving the World System
A hat-trick of global catastrophes (the Great War, the Depression, and World War II [WWII]) led, in the mid-1940s, to the birth of the United Nations, the successor to the failed League of Nations. Apart from the opinion of cynics and Cold War bulldogs such as George Kennan [31] , the UN, at least in its early decades, was widely regarded as a legitimate attempt to save the world system, or civilization as we know it [32] (see Appendix B).
During the Great Compression some forms of global inequality eased. For example, many nations were granted independence, although others, such as the former French colonies of Algeria and IndoChina, were not willingly let go, triggering savage wars with long-lasting consequences. The anticolonial war in Algeria also helped to inform and inspire the psychiatrist Franz Fanon, whose book The Wretched of the Earth [33] helped to raise awareness of the plight of people in what was still generally called the Third World [34] .
The vindictiveness of Britain, France, and the U.S. that followed the "Great" War (World War I) saw Germany burdened with enormous debt and helped trigger a short-lasting peace, immediately foreseen as fragile by Keynes [35] . This mistake was not repeated after the second war. Instead, the Marshall Plan can be seen as a form of self-interested generosity by the U.S. which is widely credited as accelerating economic recovery in Western Europe, and which saw Germany emerge as a strong and durable U.S. ally (until the presidency of Donald Trump), rather than the adversary it became in the 1930s.
In Britain, the National Health Service (NHS) was introduced in 1948. Survivors of WWII voted out the Conservatives, cementing a bipartisan compact protective of the NHS that still exists, despite the sustained shift to the Right that occurred following the election of U.K. Prime Minister Margaret Thatcher in 1979. In many countries, including in the U.S., executives showed voluntary self-restraint with their salaries and bonuses, for about three decades after WWII, extending and consolidating the Great Compression [36] . However, today, in Britain [37] , France, and the U.S., inequality is again rising, triggering major social reactions, including shifts towards nationalism and authoritarianism.
The Rise and Decline of WHO as a Promoter of Global Health
Adding to the trio of calamities that incubated the United Nations institutions, including the World Health Organization (WHO), was the "Spanish" influenza pandemic, which killed as many as 50 million people in the final years of World War I and the period immediately following it (when global population was fewer than 2 billion, compared to over 7.5 billion today) [38] . Some hypothesize that the unusual virulence of the responsible virus evolved in the appalling conditions of undernutrition, crowding, and mustard gas-damaged lungs that characterized the Great War's closing years, and which may have served inadvertently as a natural laboratory of biological warfare [39, 40] .
One aim of WHO (founded in 1948) was to prevent such pandemics. Another was to improve health in developing countries, places today mostly called the Global South [34] . In 1955, for example, WHO launched a highly ambitious, ultimately unsuccessful campaign to eradicate malaria [41] . Twelve years later, WHO launched another eradication campaign, against smallpox [42] . Within only 11 years, that campaign proved successful. In 1988, in a third major vertical health project, WHO proposed to eradicate polio by the year 2000 [43] . However, eradication of smallpox was an easier target than either malaria or polio, though the achievement was still phenomenal; an unprecedented achievement that remains unique.
In its early decades, most WHO funding was discretionary (i.e., from the perspective of WHO), provided by member states as assessed dues in proportion to their income. The peak percentage of such discretionary funding was about two thirds in the 1960s [44] . The drive for WHO to promote health culminated in what Halfdan Mahler, the third WHO director general (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) , called the "warm decade" of the 1970s [45] . In this decade, WHO launched its campaign of "Health for All by the Year 2000" [45, 46] . Such a proposal would be unthinkable today, including because only about 20% of WHO's current spending is discretionary [44] . The 1978 Alma Ata conference proved to be the height of WHO's aspiration [47] . However, a more limited appeal for universality has re-emerged in WHO's call for universal coverage or access in a wide range of health-related areas including HIV/AIDS, reproductive health, health insurance, and free health services, particularly for women and children [48] .
From the early 1980s, a shift occurred in the funding of WHO, in parallel to the rising influence of neoliberalism, or the doctrine that that market exchange is the supreme guide to economic prosperity and thus to human well-being [9, 49, 50] . It is probably not coincidental that around this time the number of influential people with vivid memories and deep understanding of the catastrophes that gave birth to the UN was declining, due to the ageing of the generation for which these experiences were formative. British sociologist Simon Szretzer likened the public acceptance of the alleged benefits of "trickle down" economics in western economies in this period, to a naïve prospector tricked by fool's gold [17] .
Neoliberal policies, in conjunction with tightening Limits to Growth [4] , have, at first gradually but now more rapidly, led to the undermining of many forms of support for many global public goods [51] . This slow cascade of consequences is still evolving, and has many manifestations. It is revealed, for example, by three recent unilateral U.S. decisions: announcing its withdrawal from the 2015 Paris climate change agreement (effective November 2020), its reneging on the Western alliance to quell Iranian nuclear aspirations, and its exit from the UN Human Rights Council [52] . The increasingly recognized failure of neoliberalism and associated doctrines to generate a fair distribution of health, income, and opportunity has generated rising nationalism, almost everywhere, and increased intolerance, in almost all high-income settings, for the record number of migrants, refugees, and displaced people.
An early casualty of the rise of post-WWII neoliberalism was the erosion of support for comprehensive primary health care, which was grounded in philosophies such as the importance of social and political determinants of health, knowledge-transfer and partnership [53, 54] . Compounding this erosion was the gradual abandonment of horizontal health care approaches, and the suppression of knowledge that rapid population growth in poor settings helps to lock in poverty [55] .
The pursuit of comprehensive primary health care was narrowed to "GOBI"-a strategy based on the four pillars of growth charts (G), oral rehydration (O), breast feeding (B), and immunization (I) [56] . Then, support even for this ghost of comprehensive primary health care faltered. Funds for mass immunization in the global South dwindled [57] leading to a vaccine-funding shortfall that eventually helped to stimulate the Global Alliance for Vaccines and Immunization (GAVI), initially funded by the BMGF (see Box 2). In 2002, as a result of the increasing use of market forces (and before the largely BMGF-driven revival of interest for global health had flowered), the annual budget of WHO was reported to be less than that spent on advertising by Coca Cola and PepsiCo combined [58] . In response to its widely perceived loss of status and influence [59] WHO sought and accepted a growing fraction of its support from private sources. Since 2000, funding for WHO has more than doubled, and this increase has come significantly from the private sector, led by the BMGF [44] . For the period 2015-2017, voluntary contributions to WHO accounted for 80% of its total income. Of the voluntary contributions, those of the BMGF (13.7%) approached that of the U.S. (18%) [44] . However, the fourth largest contributor to WHO in this period, at $112 million per annum, was GAVI, which remains partly, perhaps substantially, dependent on the BMGF. Therefore, the contribution of the BMGF, directly and indirectly, to WHO may have exceeded the voluntary contribution of the U.S.
WHO's direction and policies are thus influenced by philanthrocapitalists, and by neoliberal governments, in ways that are unlikely to be widely understood by the public. Big pharmaceuticals and even beer barons have also been claimed to exert growing power over global health actors and policy [60] . While direct donations to WHO from drug companies are banned [61] , Richard Horton recently asserted in 2018, that "the pharmaceutical industry is slowly colonizing global health in the same way that it has colonized clinical medicine" [60] . The loss of independence by WHO has been lamented by both the current WHO director general (Tedros Adhanom) and his predecessor, Margaret Chan, but so far, with little positive result [44, 49] . In fact, Horton hints that, under Tedros (who prefers to be known by his first name), the problem is deepening [60] .
BMGF Characteristics Relevant to Global and Planetary Health

The Allegedly Hierarchical Structure of the BMGF
The BMGF factsheet, as of November 14, 2018, proclaimed that "all lives have equal value" [62] . Yet, in 2011, it was reported that while the foundation has no mission statement, it has fifteen guiding principles, the first of which is that it is "driven by the interests and passions of the Gates family" [63] . A recent book describes the BMGF as "notoriously sealed" [64] .
Open criticism of the BMGF by individuals, at risk of possibly resultant career damage, is hard to find, but some is documented. For example, in 2007 Margaret Chan, then WHO director general, endorsed a malaria eradication strategy seen at the time as a major reversal of global thought on this topic. She was reported to have done this without consulting her own senior malaria staff [65] . In the following year, Arata Kochi, a senior WHO malariologist, warned "many of the world's leading malaria scientists are now "locked up in a 'cartel'" with their own research funding being linked to those of others within the group". He complained to Chan that the BMGF money, while crucial, could have "far-reaching, largely unintended consequences" [66] .
Storeng reports, of Bill Gates, that "while public health experts often privately criticised him for being incredibly strong-minded' and derided his techno-oriented approach as naive, Bill Gates is clearly venerated by many: 'When Bill speaks, people listen', she (Storeng) was frequently told. With Bill Gates at its helm, the Gates Foundation has surrounded itself with what one informant referred to as an 'aura of uncriticisability'" [67] .
The extent of the allegedly hierarchical nature of the BMGF may hinder the pursuit of global and planetary health, which depend on collaboration and the reduction of inequality if great and enduring progress is to be made, a point clearly understood by the framers of the Ottawa Charter [47] . Reduced inequality is explicitly recognized in the tenth Sustainable Development Goal. It is naïve to imagine that one person (or one couple) can govern world health. Even if one person did have such solutions, conduits would be needed to disseminate that leader's influence in ways that motivate and inspire others. While authoritarian leaders indeed enforce their will over millions, or even a billion people, such influence is rarely benign. Gates may or may not have dictatorial tendencies, but the possibility that excessive inequality in the power structure of the BMGF is counterproductive to its stated aims remains true, particularly as Gates was not elected to his leadership position and faces no mandatory review. A recent book about the BMGF, which is sympathetic overall, comments that "one of the political issues in the Sustainable Development Goals on which the Gates Foundation and Bill Gates himself have been relatively silent is inequality" [64] .
The BMGF's Preference for Vertical Health Programs
There is a long debate concerning "vertical" versus "horizontal" health care, dating at least to the 19th century. In reality, both approaches are useful [68, 69] . The successful anti-smallpox campaign, led by WHO, was a vertical program, largely conducted before the most recent phase of the global ascendancy of market-based economic approaches. The unsuccessful attempts to eradicate malaria, also led by WHO (1955 WHO ( -1969 [41] , and polio, were also vertical.
The BMGF is disproportionately supportive of vertical health programs, focusing on a range of individual diseases, and a few syndromes, rather than seeking to improve health systems. The 2016 BMGF report details (of a total annual budget of US$4.6 billion) expenditure of $3.9 billion for global health, global development and global policy and advocacy. Of this, $398 million is for agricultural development and $111 million is for financial services for the poor. A further $513 million is for "global advocacy". Of the balance ($2.9 billion), 38% ($1.08 billion) is used for four conditions: polio, HIV/AIDS, malaria and tuberculosis. A further $458 million (16% of $2.9 billion) is for vaccine delivery and development. Of the remainder, it is hard to find anything clearly targeted at strengthening health systems, although $114 million is for "integrated" development and delivery. No funds seem directed at improving tertiary education of general (undifferentiated) health professionals in low income settings, nor for their continuing education.
Debate over the primacy of health care system approach is another example of the ideological divide within public health, echoing that about primary health care. The Norwegian government, which donates 1.1% of its gross national income to development assistance, is a strong supporter of a social (more horizontal) approach to public health. An analysis by Storeng of health systems and GAVI, funded by the Norwegian Research Council, concluded that "despite GAVI's self-proclaimed 'single-minded' focus on vaccines" health service strengthening (HSS) is now presented as a key GAVI principle. Storeng argues, however, that the meaning of HSS within GAVI is far from conceptualizations that emphasize social and political dimensions. She contends that GAVI's support for HSS "has become emblematic of the so-called 'Gates approach' to global health, focused on targeted technical solutions with clear, measurable outcomes. In spite of adopting rhetoric supportive of 'holistic' health systems, global health initiatives like GAVI have come to capture the global debate about HSS in favor of their disease-specific approach and ethos" [67] . A recent analysis reports increased engagement of GAVI (and the Global Fund) with health systems in countries afflicted by conflict, but finds mixed results, including burdensome reporting [70] .
More positive evaluations of GAVI and health system strengthening exist. An article generally critical of the risks to health systems from global health actors (for example by the introduction of salary differentials that create staffing gaps and that undermine the morale of less differentiated health providers) argues that GAVI-associated health system strengthening can not only improve vaccine coverage but also improve other health aspects [68] . However, the authors of this paper make no attempt to argue that health systems strengthening should have any overt political dimension or transformational aspiration.
Storeng quotes a colleague of Bill Gates as saying that he (i.e., Gates) "often" told him privately that he 'is vehemently against health systems . . . he basically said it is a complete waste of money, that there is no evidence that it works, so I will not see a dollar or cent of my money (sic) go to the strengthening of health systems'. Storeng also claims that "the Gates Foundation has encouraged the international maternal health community to focus on 'magic bullets' like antibiotics to prevent maternal deaths, despite maternal health specialists' insistence that general health system strengthening is required to reduce maternal mortality" [67] .
The BMGF claim to be evidence-driven, and Gates is reported as claiming that evidence for investing in health systems is lacking. However, this would be difficult to test. McPake et al. point out that world's third largest Ebola outbreak to date, in Uganda in 2001, was substantially contained due to the faith-based efforts of the St Mary Lacor hospital in Gulu, a hospital that had operated for decades, including as a haven in a zone of conflict. This contributed to high levels of trust that strengthened its role during the outbreak [71] .
Practitioners working in the North but trained in the South are an important source of remittances to the South. However, most remittances go to family members rather than to more collective means to elevate development, and some argue that remittances can worsen inequality [72] . Other factors, many systemic (such as corruption and ethnic and other forms of rivalry) in most supplying countries help to maintain the differential of attraction, which is not only financial. Many skilled health practitioners trained in the South have nonmonetary reasons to seek employment in the North, such as better working conditions (e.g., reliable medical supplies and steady electricity) or to escape discrimination or violence. A lower workload (or at least more rewards for hard work) and a healthier population may also be attractors. If the BMGF invested a small fraction of its budget to reward, retain, and equip dedicated, locally trained staff, not only of doctors and nurses, but also outreach workers and laboratory staff, and as part of a health system, rather than a disease-focused vertical program, would it have a long-lasting and beneficial effect?
The BMGF's Focus on Technology, Especially Vaccines
Another related criticism of the BMGF is its preference for technological, rather than social solutions [73, 74] . Storeng quotes a vaccine expert she interviewed as stating "I think it is Mr Gates himself who sort of believes that the world can be cured by technology" [67] . Technology supported by the BMGF include vaccines, drugs, and diagnostic technologies for tuberculosis [75] , to identify spoiled milk and "infected" maize [75] (perhaps maize contaminated with aflatoxins, a growing problem exacerbated by climate change) [76] .
In addition to establishing GAVI, the BMGF provided the impetus for the organizations PATH (Program for Appropriate Technology in Health), PATH Drug Solutions, and PATH Vaccine Solutions, which by 2014 were reported to have received over US$1.6 billion in grants [28] . The 2016 BMGF report shows that of its $2.4 billion for direct global health programs (as defined above), $458M (19.1%) was spent on vaccine development and vaccine delivery. There are many strong supporters for new vaccines, which, to advocates, promise to reduce poverty [77] . Many vaccines have long been hoped for, such as for malaria, HIV and dengue. But although good progress has been made with some, including against rotavirus, meningitis A [77] , and-possibly-Ebola [78] , their delivery is slowed by the high cost of trials in settings that are not commercially viable [77] .
In some cases, there may be cheaper ways to address the health problem. For example, trials of a pneumonia vaccine in the Gambia concluded that 1,000 children have to be vaccinated to prevent 3.6 cases of radiologically confirmed pneumonia [79] . Dabade and Puliyel pointed out that, at $250 per child, this would cost $250,000; whereas treatment of four children with pneumonia using oral cotrimoxazole, in accordance with the WHO protocol at that time, would cost $1 in India [80] . When considering the trial introduction of a malaria vaccine (developed by GlaxoSmithKline, and called Mosquirix) the WHO's Strategic Advisory Group of Experts on Immunization and the Malaria Policy Advisory Committee called for caution, for reasons including its low efficacy, its need for four doses, and its expense [81] . Caution was also supported by the medical charity Medecins Sans Frontieres [81] . Unfortunately, in addition to fake drugs [82] , a number of fake vaccines are in circulation, including against meningococcal disease [82] .
Technology, including vaccines, is essential to promote world health, but the issue is one of balance. Human development, the rule of law and the establishment and strengthening of institutions may rival or be of greater importance than technology. If "soft", social mechanisms can be nurtured, then poor societies may themselves more effectively organize and engineer their escape from extreme poverty. Such a society may, for example, then be in an improved situation to identify and prohibit the circulation of fake drugs and vaccines. They may also be better able to improve nutrition in children, such as by reducing the consumption of "empty calories", and postpone the onset of noncommunicable diseases which, in many parts of the global South, also reduces health.
The BMGF regularly funds "grand challenges" in public health. This, too, has been criticized. Birn argues that the winners who perform "bold" and "unorthodox" research projects are rewarded "only if they view health in circumscribed, technological terms, not through integrated technical and socio-political understandings" [28] . The skills needed to promote and even to perceive the importance of social contributions to health are likely to be significantly different to that required for vaccine development and other technological approaches. The debate may not be fully resolvable, in the same way as adherents of neoliberalism appear to see the world so differently to redistributionists. But, in fact, both approaches may be necessary, to promote poverty-reducing synergisms.
The BMGF's Use of Self-Funded Metrics as a Way to Measure But Perhaps Not Solve the Problem
The BMGF is a strong supporter for health metrics, as is another neoliberal-friendly strategy to promote global health, called "effective altruism" [29, 83] . The BMGF provided the seed funding, in 2007, for the Institute for Health Metrics and Evaluation, at the University of Washington, U.S., providing US$105 million over five years [84] . One of the BMGF's grand challenges refers to health metrics. However, like technology, the issue is of dose. Evidence based priorities, while useful, may become fetishized, perpetuating their own existence, at the cost of intervention and solution. Furthermore, description and numbers are rarely, if ever, value free [85, 86] . The methods used to calculate the global burden of disease studies have been described as "increasingly complex and incomprehensible even to global health experts" [87] . An additional problem is that the main source of the metrics the BMGF relies on is itself funded by the BMGF.
The Co-Option of Independence by the BMGF
It is not just WHO which has lost much of its independence. The power of the BMGF (and Wellcome and perhaps other funders) is so great that some researchers feel inhibited to offend them. The BGMF provides millions of dollars to researchers based in elite academic institutions in the U.K. and U.S. including in London, Liverpool (U.K.), and (in the U.S.) to Columbia, Harvard, Johns Hopkins, and the University of Washington [84] . It supports the agricultural program called Gender-responsive Researchers Equipped for Agricultural Transformation (GREAT), at another leading (also handsomely endowed) U.S. university, Cornell, as well as the Cornell Alliance for Science, an aim of which is to "depolarize" the discussion about genetically modified organisms [88] . The BMGF even helps support the World Bank [84] , long criticized for its dominant role in promoting neoliberalism [89] .
The primary constitutional mission of WHO is said to be leadership [90] . But is this possible when so much of WHO is controlled by outside forces?
Conflicts of Interest of the BMGF and Other Philanthrocapitalists
Another common criticism of philanthrocapitalism is of conflicts of interest. These arise and persist due to their investment in corporations, some of which may "exacerbate or perpetuate social and economic inequalities and ills that they purport to remedy" [29] . These ills include to the environment, and thus to planetary health. For example, an investigation by the Los Angeles Times reported that the BMGF were investing in a large petroleum company bases in the Niger Delta, an area long notorious for oil contamination and poverty [91] . Nnimmo Bassey, a recipient of the 2010 Right Livelihood Award for his work on publicizing the plight of people of the Niger delta, commented (in relation to the BMGF) that "If this is a charity that really care about the health of the people, they ought not to be investing in fossil fuel industries. They should pull back their resources from this sector completely" [92] .
The BMGF used to and may still invest in corporations that profit from junk food, such as Coca-Cola and McDonalds [63] . The company Berkshire Hathaway, associated with Warren Buffett, who has pledged most of his fortune to the BMGF, has also been reported as a major investor in Coca-Cola [63] . There is strong evidence, including from leaked documents, that Coca-Cola has covertly acted to disguise the harm to public health from its commercial activities [93] , in addition to promoting demand for unhealthy products [94] . Thus, on one hand BMGF and Buffett act to improve global health; but on the other they have and possibly still continue to invest in corporations which undermine global health. At times, though, the BMGF have behaved in a way this author considers ethical and admirable. For example, in 2010 the BMGF withdrew a grant of U.S.$5.2 million to Canada's International Development Research Centre, after it emerged that its chair, Barbara McDougall, was then a very recent board member of Imperial Tobacco Canada [95] .
The Gates charity investment policy was reported (in 2015) as stating: "Bill and Melinda consider issues beyond corporate profits, including the values that drive the foundation's work. They have defined areas in which the endowment will not invest, such as companies whose profit model is centrally tied to corporate activity that they find egregious" [92] ). In 2019, it uses the same terms, identifying, as examples, tobacco and stocks related to Sudan (see Appendix C).
The BMGF have conflicts of interest policies, but the main problem described here cannot be solved even if these conflict of interest rules are scrupulously observed. No evidence is here presented that the BMGF profits directly from practices that overtly exploit populations in the Global South (and it is not implicated in the Paradise Papers) [96] . However, exploitation of the poor, including in the South, is taken for granted by supporters of market forces (though rarely spoken of as bluntly) [97] . Such exploitation is inherent to global capitalism, including the practices of many fashionable clothes manufacturers [98] and Apple, the manufacture of iPhones [99] .
Bill Gates, in response to criticism from Anand Giridharadas (author of "Winners Take All: The Elite Charade of Changing the World" [100] ) spoke at the World Economic Forum in 2019 in favor of "tuning" the system, including towards greater equality, however the extent of such tuning was unclear [101] . Yet, Gates also appeared to characterize an alternative system as Communism, in so doing misrepresenting the calls by so many, including Nobel laureates in economics [83, 102] , for a much fairer version of capitalism, rather than an intensifying gilded age [103] .
Carbon, Divestment, Philanthrocapitalism, and Planetary Health
In 2015, an analysis of the 2013 BMGF tax filing from was reported as revealing that the foundation then held at least US$1.4 billion in fossil fuel investments, although it has been reported since as greatly reducing this [104] . The same media report quoted a spokesman for Bill Gates's private office as saying:
"We respect the passion of advocates for action on climate change, and recognise that there are many views on how best to address it. Bill is privately investing considerable time and resources in the effort [to develop clean energy]" [104] .
The investments of the Wellcome Trust (also philanthrocapitalist, and the world's largest medical research foundation until surpassed by the BMGF), which also invests in Berkshire Hathaway, may be even more problematic. For example, according to the trove of leaked documents known as the Paradise Papers, the Wellcome Trust was revealed as a major investor (almost US$1 billion) in tax havens [96] . However, less opaquely, the Wellcome Trust continues to vigorously invest in fossil fuels, as is described below.
Holding shares in a corporation is a form of support. No rational actor will invest in a company that it expects to experience falling market share, though of course such a possibility always exists. It follows, therefore, that the BMGF and Wellcome think the companies they invest in will continue to do well financially. But it is very hard to avoid concluding that such investors also want such companies to prosper, even if this is justified by the "greater good" argument used by Mother Teresa. Also, perhaps, investment in such companies requires tacit (or explicit) moral support for their practices.
This "ends" versus "means" debate is old. Mother Teresa was criticized for placing flowers on the grave of the Albanian dictator Hoxha [105] . In exchange, Albanian-born Teresa received support. It was once common practice for many universities, including Cambridge, to accept tobacco money for research [106] . It is also central to the debate over "effective altruism" which has been described as "doing well to do good" [29] , even if "doing well" involves profit from unethical, though legal practices. The Wellcome Trust, in response to criticism, is unapologetic, noting that its investments fuel good works. Critics point out that foundations that invest in tax havens helps normalize tax evasion [96] .
William MacAskill, a critic of divestment, argues that the primary purpose of divestment is to lower the price of stocks, although he does admit that stigmatization is a secondary purpose. Like the Wellcome Trust, MacAskill appears indifferent to the moral argument for divestment, defending the BMGF's history of investment in prisons [107] . (The BMGF may have since divested from private prisons, as it has been reported as selling its stake in security company G4S, following controversy over its prison contracts in Israel) [92] .
The Wellcome Trust, a prominent example of philanthrocapitalism, recently made grants of UK£75 million to promote its vision of ecological public health. More grants are planned. This is encouraging. It is thus deeply unfortunate that this work is undermined by the Trust's continuing investment in fossil fuels, despite a vigorous campaign against this from segments of the health community [108] .
The Rockefeller Foundation, an earlier example of philanthrocapitalism (also very generous to world health), has been an early and important supporter of both the Planetary Health Alliance [14, 109, 110] and the Global Consortium on Climate Change and Health Education [111] . In 2014 the Rockefeller Foundation pledged to divest from fossil fuels, citing "moral tension". By December 31, 2018 the Fund's exposure to coal and tar sands had been reduced to less than 0.2 percent of its total portfolio, and its total fossil fuel exposure was estimated to be 1.3 percent, falling from 6.6% in April 2014 [112] . In the past, however, the actions of the Rockefeller Foundation were not blameless; for example, by their involvement in studies undertaken, without informed consent, in which children, prison inmates, psychiatric patients, soldiers, and orphans were intentionally infected with syphilis, gonorrhea, chancroid, and other diseases, over the period 1945-1956 [113] .
The BMGF, as yet, has no program in ecological or planetary health comparable to that of the Wellcome Trust. In a long interview published in The Atlantic, Bill Gates seemed to cast doubt on the urgency of climate change, for example claiming that El Niño "has a much bigger impact on current weather than climate change has had so far" [114] . This statement seems to discount the many other harmful effects of greenhouse gas accumulation, such as the impact that sea level rise is having on low-lying coastal areas and house prices [115] . It also ignores the possibility that climate change may strengthen the impact of both El Niño and its counterpart, La Niña [116, 117] .
Although the BMGF, as mentioned, has now largely divested from fossil fuel, Gates has been critical of the carbon divestment movement [114, 118] . He is also on record as being skeptical about the potential for an energy transition based on solar and wind energy, due to what he perceives as an overwhelming problem of energy storage [119] . Gates is a major investor in so-called "next generation" nuclear power to lower the risk of climate change [120] . The BMGF also supports research into attempting to boost the capacity of photosynthesis, but not necessarily micronutrient concentration and overall nutritional quality [121, 122] .
These are highly ambitious, largely technological approaches to climate change. But the absence, so far, of BMGF investment in ecological public health (or planetary health), suggests that it does not yet see Earth system change as having the potential to cripple global health, on a planetary scale. Similarly, the Wellcome Trust's approach to planetary health is undermined by its substantial investment in fossil fuels. This action signifies that it, too, underestimates the fearsome risk to civilization from excessive modification of the Earth system, one risk of which is runaway warming leading to a "hothouse" Earth [123] .
Conclusions
This review has primarily focused on the BMGF and its relationship to global and planetary health. Philanthrocapitalism is a product of neoliberalism and privilege, in a world in which global inequality is very high, and increasingly in parts, grotesque. It is not surprising that philanthrocapitalist organizations have at times attracted virulent criticism. A recent paper argues that a "theodicy of privilege" has obfuscated critical examination of philanthrocapitalism. Its authors claim that "it is laudable and even dutiful for immiserated workers to salute the donor class for directing its philanthropy at itself" [27] . Bloom and Rhodes have characterized philanthrocapitalism as "the transfer of responsibility for public goods and services from democratic institutions to the wealthy, to be administered by an executive class" [124] . Eikenberry and Mirabella argue that "neoliberal ideology has pervaded social discourse to such a degree that most celebrate and only a rare few question the actions of philanthrocapitalists who assume that there is no conflict between making money and making change" [29] .
There is currently little evidence to support the view that forms of human organization other than philanthrocapitalism can do a better job at promoting global health, particularly given the currently strong influence of neoliberalism. WHO successfully eradicated smallpox, and, in the same decade, declared "health for all". It failed in this second aspiration, in part because of the overwhelming power of counteracting social and economic forces. All organizations also face the problem of the "last mile". A wise WHO director general based in Geneva needs a partner in Liberia (and elsewhere) to implement reform; it cannot happen by wishing.
The milieu in many parts of the South contain thick impedimentary layers: not only poverty, but divided allegiances, limited education, and competing priorities. Even if the agent in the South is skilled, they too have their own "last mile" challenge. At some point, especially in the South, attempts to promote excellent health are likely to founder, especially if sufficient factors to generate local "take off" are lacking. Such factors may include nutrition, education, healthcare, and governance. A vertical health system, on its own, is unlikely to be sufficient to solve these difficult problems. Greater attention to horizontal health care is also needed.
The Wellcome Trust (which, as stressed, has not yet divested in fossil fuels) is now providing research funds to promote its vision of ecological public health. Paradoxically, the BMGF, which appears to have almost completely divested from fossil fuels, does not yet do this. However, if the Earth's eco-social system crosses a critical threshold then civilization will founder; all will be lost [7, 125] . The old scourges of malaria, polio, tuberculosis, HIV/AIDS, influenza and plague could then roar back [40] , accompanied by famine, conflict, and probably totalitarianism in places that still have order [126] . It is a specter that should be feared and avoided. Capitalism may be able to coexist with civilization's sustainability, but it needs radical reform to enhance this chance.
The BMGF and other philanthrocapitalists need to demonstrate courage; to pursue and advocate for transformational change.
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Appendix A
Appendix B
Kickbusch writes in part: "At the World Financial Summit, on Nov 15 (2008) , there seem to be few taboos as to what will be under discussion, including a redefinition of capitalism. Many of the suggestions currently put forward by the political elite to address the agendas of the 21st century have been voiced by critics of the present financial system, by developing countries, and by non-governmental organisations for years. Until recently, these critics have condescendingly been considered as Utopians and ideologues. When, for example, the final report by WHO's Commission on Social Determinants of Health stated that "Implementation of the Commission's recommendations depends on changes in the functioning of the global economy", a review in The Economist responded that the Commission "seems, at times, to be baying at the moon when it attacks global imbalances in the distribution of power and money. Who is baying now?"
Appendix C
On March 22, 2019 the investment policy page for the BMGF stated "When instructing the investment managers, Bill and Melinda also consider other issues beyond corporate profits, including the values that drive the foundation's work. They have defined areas in which the endowment will not invest, such as companies whose profit model is centrally tied to corporate activity that they find egregious. This is why the endowment does not invest in tobacco or Sudan-related stocks." Source: http s://www.gatesfoundation.org/Who-We-Are/General-Information/Financials/Investment-Policy.
